In this paper the application of skip-lot sampling based in part on process control charts using specially designed warning limits when the quality of the submitted product is believed to be generally good is presented. When the producer can prove to the consumer that he has improved the quality of his product to level better than the specified Acceptable Quality Level (AQL), the consumer can use the skip-lot procedure. The consumer may save cost by applying the Skip-lot sampling plan. For independent characteristics related to the same product the decision to resume checking is suggested based on one point or r chart points outside the control limits. For dependent characteristics the resume checking signal is governed by the use of the test statistic based on Hotelling T 2 .
Introduction
We will study the application of the skip-lot sampling, based in part on process control charts using specially designed warning limits, to the quality assurance problem. This technique is applied assuming that the production is for the most part in a stable condition and the quality of the submitted product is believed to be generally good and particular better than the specified Acceptable Quality Level (AQL) used for the acceptance sampling scheme. With the skip-lot procedures some lots in a series of lots are accepted without any check inspection: the choice of these lots being made at random. The purpose of using these procedures is to reduce inspection costs while still affording a reasonable amount of protection.
Qualification to Use Skip-Lot Sampling Procedure
The skip-lot sampling procedure is used only for the supplier who can demonstrate that he has improved the quality of his product to a level better than the specified AQL. One version of skip-lot sampling procedure requires that at the same time the product must be on normal inspection (when the quality of the product submitted by the supplier better than or equal to the acceptable quality level (AQL) wanted by the company) or reduced inspection (when the submitted quality is very much better than (AQL). The sample size will be decreased by approximately 40% of the normal inspection) under MIL-STD-105 at general inspection level I or II for last ten lots and have maintained the process average at or better than the specified AQL for a qualifying period agreed to by supplier and the responsible authority appointed to supervise the operation of the scheme. In addition the product must meet quality requirements as follows:
The preceding ten or more lots have all been accepted on the original inspection.
The requirements of table (1) are met for these last ten or more consecutive lots.
The requirements of table (2) are met for each of the last two individual, consecutive lots.
To illustrate the use of table (1) and table (2), suppose that the product is inspected using a plan with an AQL of 1.0 % and ten consecutive lots are accepted with a total sample size equal to 900 units and that a total of 4 nonconforming units have been found in these ten lots. From table (1), the minimum cumulative sample size for 4 nonconforming units is 849, so that the requirements of Table (1) are satisfied : the total sample size 900 units exceeds the minimum cumulative sample size of 849. Also suppose that the last two lots each had a sample size equal to 80 units with one nonconforming unit in each sample. This satisfies the requirement of Table ( 2) and the product qualifies for skip-lot inspection.
Skip-Lot Using Process Control Charts
If the production has been in a stable condition for some time and it is producing with a quality better than the specified AQL, we suggest a procedure for applying skiplot based on process control charts using special warning limits.
Four rules are suggested for operating skip-lot procedures:
Rule 1 "Resume check sampling if on any chart a point falls into the warning zone, that is one point outside the control limits will stop the skipping phase." For any number of control charts but with only a single point per inspection lot on each chart we will stop skipping if any one of the points on the charts lies outside the limits. For any fixed number of chart points per inspection lot we will stop skipping if any one of these chart points lies outside the appropriate limits (where the number of charts is not specifically determined but only the total number of chart points). An irregular number of chart points will be covered by rule 2. 1  1  2  3  5  7  11  17   80  -0  -0  1  1  2  3  5  7  11  17  -125  0  -0  1  1  2  3  5  7 11  17  --200  -0  1  1  2  3  5  7 11 17  ---315  0  1  1  2  3  5  7 11 17  ----500  1  1  2  3  5  7  11 17  -----800  1  2  3  5  7  11  17  ------1250  2  3  5  7  11  17  -------2000  3  5  7  11 17
"Resume checking if r chart points lie outside limits in fewer than k(r) chart points." These may be on k charts if there is only one point per chart or on fewer than k charts if there are several points on each chart per inspection lot.
The implementation of this rule will depend on whether more than one sampling occasion is allowed per chart.
Example:
The following examples illustrate the rule.
(a) If we allow one point outside the limits, so for example if we have 7 characteristics for each sample occasion, for each characteristic there is a chart and only one point (one characteristic) lies outside the limits on the 7 charts (for the 7 characteristics) for one sample, we will not stop skipping. If however, 2 points (two characteristics) for the same sample lie outside the appropriate limits for the two charts, we will stop skipping.
For example
(b) Again we may have some characteristics that need to be examined, say, every hour and some, say, every two hours. For example for each sample we may have two characteristics to examine, weight and length. For the length we will examine every hour and for weight every two hours.
In this case the chart points may be drawn on any number of charts depending on the number of characteristics we need to examine. To decide when to stop skipping we take the total number of chart points and take a decision to stop skipping when for this example we have 9 chart points but two points are outside the appropriate limits. Time  9  10  11  12  1  2 Start checking two points in two charts. Time  9  10  11  12  1  2 or the charts may look like x x Time  9  10  11  12  1  2 Start checking two points in in the same chart. Start with lot-by-lot inspection.
So that supposes the charts look like x U ------------------------------------------------------------------
length 0 0 0 0 0 L
-------------------------------------------------------------------
x U ------------------------------------------------------------------ weight 0 0 0 0 L

U ------------------------------------------------------------------
length 0 0 0 0 L
-------------------------------------------------------------------
U -----------------------------------------------------------------
When the qualifications to use skip-lot procedures are satisfied, switch to skipping inspection, i.e., some lots in a series of lots are accepted without any check inspection: the choice of these lots being made at random.
If one or more points fall outside the warning limits switch to the situation before skipping (normal or reduced inspection), it may be that future results will then lead to tightened inspection( is likely to be put into effect when the submitted quality is worse than the AQL). The exact number required to initiate a return depends upon k, the total number of chart points plotted during the period in which the inspection lot was produced. These may be on 1 or more control charts. Now for the first rule, if we suppose that the Probability of no signal = 1 − p = 0.95 1
Where p is the probability of a warning on any one chart at each sampling occasion p is the same for all charts.
If we choose these warning limits, then the probability of no signal equals 0.95 and Probability of stop skipping = 1 − 1 − p = 0.95 2)
If we keep the rule fixed by not allowing any point outside of the control limits and change the limits, then when k = 1 the probability that one point would fall outside the warning limits and cause action to be taken is 0.05, so that action for stop skipping would be taken unnecessarily on the average only once in every 20 times.
If we suppose that for the second rule the probability of no signal in k chart (or chart points) in 0.95, then
And the probability of a signal to stop skipping
In this case if we keep the limits fixed and change the rule by allowing one or more points outside the warning limits, we will:
If one point is outside the limits, not stop skipping if this one point is the only one out of 7 or more chart points referring to the period of production for the delivered batch.
If two points are outside the limits, not stop skipping if these two points are the only two out of 16 or more chart points referring to the period of production for the delivered batch.
If three points are outside the limits, not stop skipping if these three points are the only three out of 27 or more chart points referring to the period of production for the delivered batch.
If four points are outside the limits, not stop skipping if these four points are the only four out of 39 or more chart points referring to the period of production for the delivered batch.
And so on for any number of chart points.
A decision to stop skipping is shown in table (3), i.e., taking a decision depends on k (number of chart points) and r (number of points allowed outside the limits).
If we suppose that we have 3 control charts and 30 points on these 3 charts. For deciding when to stop skipping, we will use Table ( 3), 3 points outside in these 30 points would allow skipping to continue ( 3 out of 27 or more chart points), 4 points outside would stop skipping ( 4 out of 39 or more required). 
Rule 3 and 4
In general, if there are q statistically independent characteristics for a particular product and if we keep rule one fixed by not allowing any point outside the control limits and change the limits, the rule can still be maintained. Also for rule two if we keep the limits fixed and allow one point or more outside the warning limits, rule two can maintained.
But if theuality characteristics are not independent, which would usually be the case if they are related to the same product, then rule one and rule two can not be used as they stand. For two related variables namely x1, x2, the rule suggested for operating skip-lot procedure is : the covariance between x1 and x2
These sample means, the estimated variance, and the covariance can be calculated supposing that we have m sample of size n as follows: Where F α,q,n-q is the F distribution on q and n -q degree of freedom.
The covariance matrix C is a symmetric (q×q) matrix and can be calculated as
So for each sample we should find the test statistics
and plotted on the T 2 chart which has an upper control limit at T 2 . So if any point falls outside the upper control limit, we should switch to normal or reduced inspection.
Procedure for Rule 3 and 4 :
1) Start with lot-by-lot inspection.
2) When the qualifications to use skip-lot procedures are satisfied, switch to skipping inspection.
3) For rule 3, if one point falls outside the upper control limits set at % ∝,8,( , switch to situation before skipping (normal or reduced inspection). 4) For rule 4, if one point falls outside the upper control limits at % ∝,8,( , switch to situation before skipping (normal or reduced inspection).
As an example of Rule two, suppose that for two characteristics, the tensile strength and the diameter of a textile fiber are measured for five samples of size n=5. To illustrate the calculation of T 2 , say for the first sample we have ̅ = 115.100 and ̅ = 1.066, substituting these values in (8) we get T 2 = 6.646
If α = 0.05, the upper control limit of the chart is % C.CD, ,E = 2 4 3 F C.CD, ,> = 2 4 3 9.55 = 25.467
The values of T 2 in table (4) shows no lack of control is indicated.
Conclusion
When the quality of the submitted product is believed to be generally good, we discussed the application of skip-lot sampling based in part on process control charts using specially designed warning limits. When the producer can prove to the consumer that he has improved the quality of his product to level better than the specified AQL, the consumer can use the skip-lot procedure which are suggested in this paper. For independent characteristics related to the same product the decision to resume checking is suggested based on one point or chart points outside the control limits. For dependent characteristics the resume checking signal is governed by the use of the test statistics based on Hotelling T2.
The consumer may save cost by applying the skip-lot sampling plan. The consumer can reduce the check inspection by checking only some of the lots and accepting the others without any check inspection. In this case he can reduce inspection cost while still having a reasonable amount of protection.
